Abstract: Accurately determining the species richness and/or abundance using quantitative sampling methods is important for understanding community structures. The quadrat method has been one of the most commonly used quantitative methods for estimating benthic animals in tidal flats. However, it is difficult to implement this method in biodiversity surveys of benthic fishes, as they can move across the quadrat, thus altering the observations. In the present study, we introduced the quantitative sampling method for benthic fishes in tide-pools located in tidal flats by employing an improved quadrat with a net and sinkers. This setup prevented the movement of fishes across quadrats, unlike the conventional quadrat method which allowed the easy movement of fishes. This improved quadrat method can be useful in surveying fish biodiversity in tide-pools in a wide range of tidal flats. The potential advantages of this method include 1) determining the accurate biodiversity of fishes in a tidal flat tide-pool, 2) easily comparing the biodiversity per unit area among multi-sampling sites, and 3) easily increasing the number of quadrats in field surveys. We believe that our improved quadrat method will simplify and promote the study of fishes in tidal flats.
Accurately determining species richness and/or abundance by using quantitative sampling methods is one of the most important requirements in understanding community structures in any organism (Nakaoka 2003) . To compare biodiversity among various sites, it is necessary to accurately quantify the number of species and/or individuals per species by using a standardized method, such as estimation per unit area. Thus, ecologists have developed some quantitative sampling methods. Regarding marine benthic animals, the quadrat method has been widely used to quantify biodiversity (e.g. McLusky et al. 1983 , Fraschetti et al. 2001 , Cattaneo-Vietti et al. 2002 , Otani et al. 2010 , Suzuki & Sasaki 2010 . In the quadrat method, quadrats made of metal or polyvinyl chloride (PVC) pipes are randomly placed in the field, after which all organisms in the quadrats are recorded at a certain time. This method is effective for benthos with limited motility or those that are sessile. However, it is difficult to accurately calculate the species and/or individual density of animals with high motility, such as large crustaceans and benthic fishes, given their frequent movement within and outside of the quadrats.
Regarding fish surveys in tide-pools, the number of species and/or individuals per unit area is determined by counting all fishes collected from an isolated tide-pool and further calculations based on the surface area and/or volume of the pool (Meager et al. 2005 , Chargulaf et al. 2011 , Okazaki et al. 2012 . However, researchers often face challenges while surveying because tide-pools in tidal flats are not isolated; they are connected to neighboring pools over large areas. In such cases, it is necessary to seek completely isolated tide-pools, which are difficult to find in the field; this is in addition to the difficulties in obtaining sufficient replicates to perform adequate community analyses. To overcome such difficulties, we developed a simple and easy method of quantitative sampling for mobile benthic fishes by using an improved quadrat that consists of a net and sinkers placed around the quadrat frame. Here, we describe the details of this novel improved quadrat method and discuss the advantages of performing quick and affordable surveys of tidal flat tide-pools.
A 1 m 2 quadrat consists of four PVC pipes (each 18 mm diameter) and connector joints with a net and sinkers (Fig. 1) . The attached part ( Fig. 2A and B ) of the quadrat was made using four pieces of a net. A net with 1 mm mesh size was cut to a dimension of 1.3 m width by 0.3 m height. The ends of these four pieces were sewn to form a ring with a circumference of 4.7 m. Approximately 14 snap fasteners were sewn onto the top and bottom of each net, and a chained sinker (1 kg) was also sewn to the bottom of each net ( Fig. 2A) . The chain of a cast net was used as the sinker in this quadrat. The attached part is easily attached or detached from the Note quadrat. When the quadrat method is adopted, the attached part is fastened by folding along the PVC pipes and is tightly held by the snap fasteners (Fig. 2B ). We conducted three experiments to test the efficacy and draw comparisons between the improved and conventional quadrats. Five large tide-pools (surface area of over 8 m 2 , water depth: 5.9-6.6 cm) were selected in a tidal flat during low tide. In each tide-pool, both types (conventional and improved) of quadrats were placed at the same time. Fishes in each quadrat were collected by sweeping two hand nets (28 cm width 25 cm depth, mesh size 1 mm) until no fish was captured in three consecutive sweeps (Exp. 1; see Meager et al. 2005) . Five minutes after completion of Exp. 1, we once again captured the fishes within both quadrats following the same method as in Exp. 1 to verify whether the fishes can move outside of the quadrats or vice versa (Exp. 2). After Exp. 2, 10 gobies were immediately released within each quadrat, which did not previously contain fishes. In Exp. 3, all fishes were caught within the quadrat after released 5 min by following the same method described in the previous experiments. This experiment was conducted to verify whether fishes are able to escape from the quadrat. The median number of fishes per quadrat was calculated, and the values between the improved and conventional quadrats in each experiment were compared.
Statistical analysis of the median number of fishes revealed no significant differences in Exp. 1 ( Fig. 3A ; Wilcoxon rank sum test, P=0.98, Z=0.02). In Exp. 2, there was no fish within the improved quadrat; however, some fishes were caught within the conventional quadrat ( Fig. 3B ; Wilcoxon rank sum test, P<0.01, Z=2.65). In the final set up, the number of fishes was higher by approximately 10 individuals in the improved quadrat version, as shown in Exp. 3. The conventional quadrat generally had lower numbers with fewer than 10 individuals (Fig. 3C) . The number of fishes within the improved quadrat was found to be higher than those recorded in the conventional quadrat, and there was a statistically significant difference in the median number of fishes between both quadrat types (Wilcoxon rank sum test, P<0.01, Z=2.65). These results demonstrate that improved quadrats can minimize or prevent the movement of fishes across quadrats. When a conventional quadrat method equipped only with a frame such as PVC pipes is used, most mobile animals are able to escape from the quadrat by utilizing the quadrat frame and substratum. Therefore, when human beings approach the quadrat after casting the traps, mobile fishes with high motility, such as Favonigobius spp. and Yongeichthys nebulosus (Forsskål, 1775) often escape from the quadrat. Moreover, several fishes may escape from the quadrat during captures, perhaps after the establishment of the quadrat. In the case of our novel quadrat method consisting of the attached part that fits the substratum surface, even when the substratum th quartiles, median, distribution from the minimum to maximum, and outlier values, respectively.
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surface is rough, the flexible net with sinker fits the substratum surface and closes the gap between the surface and the quadrat frame (Fig. 4A) . In fact, the newly developed quadrat method prevented the escape of fishes from within the quadrats during sampling. In addition, fishes around the periphery of the quadrat were not able to get inside of the quadrat. However, the mud skipper Periophthalmus argentilineatus Valenciennes, 1837 could move outside of the quadrat by jumping. Additionally, mobile crabs such as Uca spp. and Mictyris brevidactylus Stimpson, 1858 also escaped from inside of the quadrat by climbing over the net. Therefore, this method might not be effective for highly mobile species with additional abilities (e.g. jumping, climbing), although such species are relatively particular and less in tidal flats. Our quadrat method with a net and sinkers was found to be effective in areas with water depth of approximately 10 cm, as the height of the net was near 15 cm between the top frame and bottom sinker (Fig. 4B) . In our field survey, fishes with even 15 cm body length could not successfully escape since the sinker prevented net movement, thereby containing the fishes. The present method would, therefore, be widely applicable for studying other coastal ecosystems, including wetlands and shallow rock tide-pools.
Our novel quadrat method with a net and sinkers is effective for quantitative sampling during fish surveys conducted in the tide-pools of tidal flats. Additional advantages include the ease of availability, as well as the inexpensive preparations to create the attached part . The quadrat is also portable (together, all parts approximately weigh 1 kg), easily maintained and serviced, and it is convenient to attach and detach the attached part using snap fasteners. Our improved quadrat method provides several merits for guaranteeing the quality of sampling of fishes in tidal flats for several reasons. 1) It is possible to estimate the biodiversity of fishes in the tide-pools of tidal flats with higher accuracy because the attached net prevents the movement of fishes across quadrats.
2) It is easy to compare the biodiversity per unit area among multi-sampling sites. There is no need to calculate the number of species and/or their abundance per unit area among the different sites as the size of quadrat can be fixed (consistent) according to the researcher s preference. This is in contrast to surveys that rely on the size of a completely isolated tidepool. 3) It is easy to increase the number of quadrats in a field survey. Also, the time for sampling using the improved quadrat method is shorter than that compared to targeting a completely isolated tide-pool. This is an important consideration, given that periods of low tide are usually limited when surveying tidal flats.
Based on these merits, it is now possible to survey fish biodiversity of a tide-pool in a wide range of tidal flats. The new quadrat method can be utilized in tide-pools in tidal flats, even if the tide-pools are not fully isolated. Thus, the field range for fish surveys could be extended in tidal flats (e.g. Kunishima et al. 2014) . Compared to studies of other benthic organisms, studies of fish assemblage in tidal flats have been limited, even though fishes play an important role in tidal flat ecosystem (Reise 1978) . It is expected that the simple quadrat method developed in this study will accelerate the study of fishes in tidal flats. 
